Structural design of barium hexaferrites BaMgxCo2−xFe16O27 (x = 0.0, 1, 2) has been studied, and the magnetic and electronic structure of that has then been investigated using rst principle total energy calculation. All calculations are based on the density functional theory. In order to improve the description of strongly correlated 3d electrons of iron, the general gradient approximation plus Hubbard U (GGA+U ) method is used. We found that in the lowest energy conguration Mg and Co ions preferentially occupy the 6g sites. With the increase of Mg content x, the energy gap of BaMgxCo2−xFe16O27 increases but the lattice constant of unit cell decreases. The magnetic moment of the unit cell for Mg content x = 0, 1, and 2 are calculated to be 52, 49 and 46 µB/cell, respectively, in agreement with previous experimental results. The substitutions of Mg and Co at the BaFe 2+ 2 Fe 3+ 16 O27 decrease electrical conductivity and transit it from a half-metal to semiconductor material. Based on our calculations on electronic band structure, the BaFe2Fe16O27 (BFFO) is a weak half-metal, but BaMg2Fe16O27 (BMFO), BaMgCoFe16O27 (BMCFO) and BaCo2Fe16O27 (BCFO) are semiconductors. The electrical resistivity increases by increasing Mg and Co contents due to increase in porosity which prevents the hopping of charge carriers.
Introduction
In the last decades, ferrite magnetic materials have been considered as important electromagnetic wave absorbing materials with interesting magnetic properties because their electric and magnetic properties are suitable for absorbing the ultra-high frequency band [1] .
With the arrival of modern electronic, microwave and magnetic devices, the electromagnetic interference has become a critical problem [2] . It is therefore important to design materials that can attenuate electromagnetic radiations. Wave absorbing materials are required to have a large electric and magnetic loss in the frequency range of interest.
Polycrystalline hexagonal ferrites are technologically desirable materials due to their high resistivity and high permeability make them suitable for various applications. Barium hexagonal ferrites (BHF) are ideal lters for electromagnetic interference attenuation purposes due to their low cost, high stability and high density [3] . The crystal structure of barium hexagonal ferrites (BHF) are divided into six dierent types: M In the present work, the structure and the magnetic properties of the W-type barium hexaferrite BaMg 2−x Co x Fe 16 O 27 (x = 0.0, 1, 2) were studied using rst principle method. The electronic ground structure was also investigated.
Calculations details
We have used the ab initio calculations using the planewave ultrasoft pseudopotential scheme within the spin density functional theory (DFT) [13] 
Result and discussion
The crystal unit cell of W-type barium hexaferrite BaFe 2+ 2 Fe
3+
16 O 27 contains two formula units i.e. 92 atoms.
As shown in Fig. 1 , the oxygen atoms are close packed with the Ba and Fe ions in the interstitial sites.
The structure is built up from smaller units: four cubic blocks S, having the spinel-type structure, and two hexagonal blocks R, contain Ba ions. Therefore, the unit cell is composed of the sequence RSSR * S * S * . Fe 3+ ions contribute positively to magnetization [3] . On the other hand, the Fe 2+ ions are positioned at seven crystallography dierent sites, namely 2d, 4f 1 (4f
4f 3 (4f V I S), 6g, 4e and 12k. As shown in Table I and 4f 3 octahedral sites of S blocks [22] . For simplicity two structural arrangement of BMFO and two structural arrangement of BCFO were proposed as follows:
Arrangement I: all of the four Mg cations of the unit cell are assumed to be located at 2/3 positions among six positions of 6g sites (Fig. 2a) .
Arrangement II: all of the four Mg cations of the unit cell are assumed to be located at all four positions of 4f 3 sites (Fig. 2b) .
Arrangement III: all of the four Co cations of the unit cell are assumed to be located at 2/3 positions among six positions of 6g sites (Fig. 2c) .
Arrangement IV: all of the four Co cations of the unit cell are assumed to be located at all four positions of octahedral 4f 3 sites (Fig. 2d) . is expected to decrease the total magnetic moment and hence strengthen the magnetization. As we expected the calculated magnetic moments BMFO, BCFO and BM-CFO are lower than BFFO and the calculated magnetic moments are somewhat lower than those experimentally determined. This can be due to the fact that our simple model has not considered some of the Mg and Co atoms which might be located in the tetrahedral positions [22] . The total density of states (DOS) for BFFO, BMFO, BMCFO and BCFO is shown in Fig. 3 . Energy gap appears in all materials. There is a half metallic peak in the energy gap of BFFO (Fig. 3a) , while no peak appears in the energy gap of the other materials BMFO (Fig. 3b) , BMCFO ( Fig. 3c) and BCFO (Fig. 3d) The eective mass of the carrier in solid state physics is related with ∂ 2 E/∂k 2 , where E is eigenenergy at a k point in BZ. Figure 4 indicates that the eective masses of carrier along c axis are much heavier than that perpendicular to c axis. As is known, the electrical conductivity is inversely proportional to the carrier eective mass.
Because of the anisotropy of carrier density and the eec- of carrier along c axis is much heavier than that perpendicular to c axis. Therefore, the electrical resistivities of the materials are much dierent and the electrical resistivities of all materials along c axis are much higher than that perpendicular to c axis. The electrical resistivity increases by increasing Mg and Co contents due to increase in porosity which prevents the hopping of charge carriers.
